a2 United States Patent

Ono et al.

US009448255B2

US 9,448,255 B2
Sep. 20, 2016

(10) Patent No.:
45) Date of Patent:

(54)

(71)

(72)

(73)

")

@

(22)

(65)

(30)

Feb. 14, 2014

(1)

(52)

(58)

CAPACITANCE DETECTION DEVICE

Applicant: KABUSHIKI KAISHA TOSHIBA,
Minato-ku, Tokyo (JP)

Inventors: Daiki Ono, Yokohama (JP); Jun
Deguchi, Kawasaki (JP)

Assignee: KABUSHIKI KAISHA TOSHIBA,

Tokyo (JP)

Notice: Subject to any disclaimer, the term of this

patent is extended or adjusted under 35
U.S.C. 154(b) by 176 days.

Appl. No.: 14/331,927

Filed: Jul. 15, 2014

Prior Publication Data

US 2015/0233972 Al Aug. 20, 2015

Foreign Application Priority Data

(000 Y 2014-026221

Int. CI.
GOIR 27/26
GOIR 1/44
U.S. CL
CPC oo GOIR 1/44 (2013.01); GOIR 27/2605
(2013.01)

(2006.01)
(2006.01)

Field of Classification Search

CPC ... GOIR 27/2605, GO1R 1/44; GO1L 9/105;
GO1L 9/16

USPC e 324/658-690

See application file for complete search history.

(56) References Cited

U.S. PATENT DOCUMENTS

3,828,333 A * 8/1974 Bryant ... B60R 21/268
174/152 GM

2013/0193532 Al* 82013 Horie .....cccoevvnnnee HO1L 29/84
257/415

OTHER PUBLICATIONS

Related U.S. Appl. No. 14/178,012, Title: “DELTA/SIGMA Modu-
lator”, filed Feb. 11, 2014, First Named Inventor: Daiki Ono.
Sebastian Thiele et al, “Design of a Neutrally Buoyant Self-
Powered Multi-Parameter Sensor for Data Logging in Flow Appli-
cations”, IEEE Sensors 2009 Conference, pp. 1927-1930 (in Eng-
lish).

Philip C.John et al, “Signal Conditioner for MEMS based
Piezoresistive sensor”, 2010 5th International Conference on Indus-
trial and Information Systems, ICIIS 2010, Jul. 29-Aug. 1, 2010, pp.
329-333 (in English).

Matti Paavola et al, “A Micropower **-Based Interface Asic for a
Capacitive 3-Axis Micro-Accelerometer”, IEEE Journal of Solid-
State Circuits, vol. 44, No. 11, Nov. 2009, pp. 3193-3210 (in
English).

Mark Lemkin et al, “A Three-Axis Micromachined Accelerometer
with a CMOS Position-Sense Interface and Digital Offset-Trim
Electronics”, IEEE Journal of Solid-State Circuits, vol. 34, No. 4,
Apr. 1999, pp. 456-468 (in English).

(Continued)

Primary Examiner — Vincent Q Nguyen
(74) Attorney, Agent, or Firm — Holtz, Holtz & Volek PC

57 ABSTRACT

According to one embodiment, a capacitance detection
device includes a switched capacitor amplifying circuit
including a variable capacitor and a reference capacitor, and
a voltage applying circuit configured to apply, to the
switched capacitor amplifying circuit, a reference voltage
having a temperature characteristic for compensating fluc-
tuation in an output voltage of the switched capacitor
amplifying circuit due to a temperature characteristic of
capacitance of the variable capacitor.
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1
CAPACITANCE DETECTION DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is based upon and claims the benefit of
priority from Japanese Patent Application No. 2014-026221,
filed Feb. 14, 2014, the entire contents of which are incor-
porated herein by reference.

FIELD

Embodiments described herein relate generally to a
capacitance detection device.

BACKGROUND

As a capacitance detection device used as a pressure
detection device (pressure sensor), a device employing a
switched capacitor amplifying circuit including a variable
capacitor has been proposed.

However, in general, variable capacitors have a tempera-
ture characteristic. Therefore, to detect the accurate capaci-
tance of the capacitor, it is desirable to perform appropriate
temperature compensation.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1is a block diagram showing a capacitance detection
device according to a first embodiment;

FIG. 2 is a circuit diagram showing a specific structure
example of the capacitance detection device according to the
first embodiment;

FIG. 3 is a schematic cross-sectional view showing the
structures of a variable capacitor and a reference capacitor;

FIG. 4 is a block diagram showing a capacitance detection
device according to a second embodiment;

FIG. 5 is a circuit diagram showing a specific structure
example of the capacitance detection device according to the
second embodiment;

FIG. 6 is a block diagram showing a capacitance detection
device according to a third embodiment;

FIG. 7 is a circuit diagram showing a specific structure
example of the capacitance detection device according to the
third embodiment;

FIG. 8 is a block diagram showing a capacitance detection
device according to a fourth embodiment;

FIG. 9 is a circuit diagram showing a specific structure
example of the capacitance detection device according to the
fourth embodiment;

FIG. 10 is a block diagram showing a capacitance detec-
tion device according to a fifth embodiment; and

FIG. 11 is a circuit diagram showing a specific structure
example of the capacitance detection device according to the
fifth embodiment.

DETAILED DESCRIPTION

In general, according to one embodiment, a capacitance
detection device includes: a switched capacitor amplifying
circuit including a variable capacitor and a reference capaci-
tor; and a voltage applying circuit configured to apply, to the
switched capacitor amplifying circuit, a reference voltage
having a temperature characteristic for compensating fluc-
tuation in an output voltage of the switched capacitor
amplifying circuit due to a temperature characteristic of
capacitance of the variable capacitor.
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2

Embodiments will be described with reference to the
accompanying drawings.

First Embodiment

FIG. 1is a block diagram showing a capacitance detection
device according to a first embodiment. The capacitance
detection device of FIG. 1 is used as a pressure detection
device (pressure sensor) using an MEMS element.

The capacitance detection device of FIG. 1 includes a
switched capacitor amplifying circuit 10, an Analog-to-
Digital Converter (ADC) circuit 20, a Band Gap Reference
(BGR) circuit 30, a regulator circuit 40 and a Complemen-
tary To Absolute Temperature (CTAT) voltage generation
circuit 50.

FIG. 2 is a circuit diagram showing a specific structure
example of the capacitance detection device according to the
first embodiment. As shown in FIG. 2, the switched capaci-
tor amplifying circuit 10 includes an operational amplifier
11, a variable capacitor 12, a reference capacitor 13 and a
plurality of switches. The switches receive clock signals ¢1
and ¢2 of opposite phases.

FIG. 3 is a schematic cross-sectional view showing the
structures of the variable capacitor 12 and the reference
capacitor 13 included in the switched capacitor amplifying
circuit 10.

As shown, a variable capacitor 220 and a reference
capacitor 230 are formed on a substrate 210. The variable
capacitor 220 and the reference capacitor 230 are formed of
MEMS elements. The substrate 210 includes a semiconduc-
tor substrate, circuits (e.g., various circuits shown in FIGS.
1 and 2) including transistors and wiring, an interlayer
insulating film, etc. The variable capacitor 220 corresponds
to the variable capacitor 12 shown in FIG. 2, and the
reference capacitor 230 corresponds to the reference capaci-
tor 13 shown in FIG. 2.

The variable capacitor 220 includes a lower electrode 221,
an upper electrode 222, and a dielectric film 223 formed on
the lower electrode 221. A gap 224 is defined between the
upper electrode 222 and an insulating film 223. The refer-
ence capacitor 230 includes a lower electrode 231, an upper
electrode 232, and a dielectric film 233 formed on the lower
electrode 231. A gap 234 is defined between the upper
electrode 232 and an insulating film 233. The variable
capacitor 220 and the reference capacitor 230 are provided
on the same substrate 210.

In the variable capacitor 220, the upper electrode 222 is
movable. More specifically, when pressure is applied to the
upper electrode 222, the electrode 222 is vertically displaced
according to the pressure. As a result, the distance between
the lower and upper electrodes 221 and 222 varies to vary
the capacitance of the variable capacitor 220. In the refer-
ence capacitor 230, the distance between the lower electrode
231 and the upper electrode 232 is fixed. Accordingly, the
capacitance of the reference capacitor 230 is constant.

As described above, in the variable capacitor 220, when
pressure is applied to the upper electrode 222, the capaci-
tance Cs of the variable capacitor 220 varies. Namely, the
capacitance of the variable capacitor 220 varies in accor-
dance with pressure. Accordingly, by detecting the capaci-
tance Cs of the variable capacitor 220, the pressure applied
to the upper electrode 222 can be detected.

The output voltage of the switched capacitor amplifying
circuit 10 is input to the ADC circuit 20. In the first
embodiment, a AZ-ADC circuit is used as the ADC circuit
20. In the ADC circuit 20, the output voltage of the switched
capacitor amplifying circuit 10 is subjected to AD conver-
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sion. Based on the AD-converted value, the capacitance Cs
of the variable capacitor 12 of the switched capacitor ampli-
fying circuit 10 is detected to thereby detect the pressure
applied to the upper electrode 222 of the capacitance Cs. The
ADC circuit 20 includes an adder 21, an integrator 22, a
comparator 23 and a delay element 24.

The BGR circuit 30 (first voltage generation circuit) is
configured to generate a voltage that does not depend upon
temperature. Although the BGR circuit 30 has a portion for
generating a voltage that depends upon temperature, it is
configured to generate a voltage that does not depend upon
temperature, by internally performing compensation. As
shown in FIG. 2, the BGR circuit 30 includes an operational
amplifier OP, transistors Trl to Tr6 and resistors R1 and R2.

The BGR circuit 30 is connected to the regulator circuit
40. The regulator circuit 40 is configured to maintain a
constant voltage even when power supply voltage fluctua-
tion has occurred.

The BGR circuit 30 is also connected to the CTAT voltage
generation circuit (second voltage generation circuit) 50.
More specifically, the CTAT voltage generation circuit 50
receives a voltage from a voltage generation point that is
configured to generate a voltage depending upon the tem-
perature in the BGR circuit 30. The voltage at the voltage
generation point V,, shown in FIG. 2 may be applied to the
CTAT voltage generation circuit 50. The CTAT voltage
generation circuit 50 generates a reference voltage V.. as
a DC voltage proportional to temperature. More specifically,
the CTAT voltage generation circuit 50 generates a voltage
of'a negative temperature coeflicient as the reference voltage
Vizer The reference voltage V. output from the CTAT
voltage generation circuit 50 is input to the switched capaci-
tor amplifying circuit 10. The CTAT voltage generation
circuit 50 includes transistors Tr7 and Tr8 and resistors R3
and R4 as shown in FIG. 2.

The operation of the above-described capacitance detec-
tion device will now be described.

The output voltage of the switched capacitor amplifying
circuit 10 is proportional to the reference voltage V-, and
is inversely proportional to the capacitance of the variable
capacitor 12. Accordingly, the output voltage of the switched
capacitor amplifying circuit 10 is proportional to Cz/Cg,
where C; is the capacitance of the variable capacitor, and C,
is the capacitance of the reference capacitor. Namely, the
gain of the switched capacitor amplifying circuit 10 is
Cr/Cs. Accordingly, the output voltage of the switched
capacitor amplifying circuit 10 is (Cx/Co)V gz

Further, the output voltage V 5, of the ADC circuit 20 is
given by

Vour=(Cr/Cs) Vagrt(1-Z" N (€9
where 77! is a delay element (e.g., a delay element corre-
sponding to one clock), and N is a quantization error.

Assume here that the capacitance Cg of the variable
capacitor 12 exhibits the following characteristic:

1/Cs=mo-aAP+bAT )

where P is the pressure applied to the variable capacitor 12,
and T is the ambient temperature of the variable capacitor
12.

Further, the reference voltage V.. is expressed as fol-
lows, based on the characteristics of the CTAT voltage
generation circuit 50:

Varr=Vo-VIAT (3)
From the equations (1), (2) and (3), V 5. 1s expressed by

Vour=CrimoVo—aVoAP+(bVo—mo VAT +(1-Z N 4
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4
where it is assumed that a and b are sufficiently lower than
1 (a<<1, b<<1), and APAT can be ignored.

As expressed in the equation (4), the coeflicient of AT is
“bVo—-m,V,.” Namely, the coeflicient of AT includes a
positive term “bV,” and a negative term “-m,V,.” The
positive term “bV,” serves to offset the negative term
“-m,V,.” As a result, the influence of the temperature
change AT on the output voltage can be suppressed. In the
first embodiment, when the capacitance Cg of the variable
capacitor 12 is expressed by the equation (2), the use of the
CTAT voltage generation circuit 50 expressed by the equa-
tion (3) suppresses the influence of the temperature change

Thus, in the first embodiment, a voltage applying circuit
is formed by the BGR circuit 30 and the CTAT voltage
generation circuit 50, and is used to generate a reference
voltage V. having a temperature characteristic capable of
compensating fluctuation in the output voltage of the
switched capacitor amplifying circuit 10 due to a tempera-
ture characteristic of capacitance of the variable capacitor
12, and to apply the reference voltage V- to the switched
capacitor amplifying circuit 10.

As described above, in the first embodiment, temperature
compensation is performed using the reference voltage V-
generated by the voltage applying circuit, with the result that
fluctuation in the output voltage due to the temperature
characteristic of the variable capacitor can be accurately
compensated for, and hence an accurate capacitance (accu-
rate pressure) can be detected.

Further, a BGR circuit is used as a first voltage generation
circuit providing a part of the voltage applying circuit. Since
the BGR circuit is used in a standard capacitance detection
device, the above-mentioned temperature compensation can
be performed without adding a large number of new circuits.
As a result, the above-described capacitance detection
device can be made without adding a large number of
circuits.

Second Embodiment

A description will be given of a second embodiment. The
second embodiment is similar to the first embodiment in
basic structure. In this section, the matters referred to in the
first embodiment will not be described.

FIG. 4 is a block diagram showing a capacitance detection
device according to the second embodiment. The capaci-
tance detection device of the second embodiment is also
used as a pressure detection device (pressure sensor). FIG.
5 is a circuit diagram showing a specific structure example
of the capacitance detection device. In the second embodi-
ment, elements similar to those of the first embodiment are
denoted by corresponding reference numbers, and no
detailed description will be given thereof.

In the above-described first embodiment, the switched
capacitor amplifying circuit 10 and the ADC circuit 20 are
separate circuits. However, in the second embodiment, the
switched capacitor amplifying circuit is incorporated in the
ADC circuit to thereby form an ADC circuit 60. The other
basic structure is similar to the first embodiment.

The ADC circuit 60 includes an adder 61, an integrator 62,
a comparator 63, a delay element 64 and amplifiers 65 and
66. The gain of the amplifier 65 is C/Cg, while that of the
amplifier 66 is C,/Cs.

As shown in FIG. 5, the ADC circuit 60 includes an
operational amplifier 161, a comparator 162, variable
capacitors 163 to 166, reference capacitors 167 and 168, and
aplurality of switches. The switches receive clock signals ¢1
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and ¢2 of opposite phases. The switches, to which Q1 is
supplied, turn on when Q1=1, while the switches, to which
Q2 is supplied, turn on when Q2=1.

The BGR circuit 30, the regulator circuit 40 and the CTAT
voltage generation circuit 50 are similar in basic structure to
those of the first embodiment.

Also in the second embodiment, the above-mentioned
equations (1) to (4) are established. Accordingly, the second
embodiment can provide the same advantage as that of the
first embodiment.

Third Embodiment

A third embodiment will be described. The third embodi-
ment is similar to the first embodiment in basic structure.
Also in this section, the matters referred to in the first
embodiment will not be described.

FIG. 6 is a block diagram showing a capacitance detection
device according to the third embodiment. The capacitance
detection device of FIG. 6 is also used as a pressure
detection device (pressure sensor). FIG. 7 is a circuit dia-
gram showing a specific structure example of the capaci-
tance detection device. In the third embodiment, elements
similar to those of the first embodiment are denoted by
corresponding reference numbers, and no detailed descrip-
tion will be given thereof.

As shown in FIG. 7, in the third embodiment, a switched
capacitor amplifying circuit 70 includes an operational
amplifier 71, a comparator 72, a variable capacitor 73, a
reference capacitor 74, feedback capacitors 75 and 76, and
aplurality of switches. The switches receive clock signals ¢1
and ¢2 of opposite phases.

Further, the third embodiment employs, as a second
voltage generation circuit, a Proportional To Absolute Tem-
perature (PTAT) voltage generation circuit 80 configured to
generate a voltage having a positive temperature coeflicient.
The PTAT voltage generation circuit 80 receives, from a
voltage generation point, a voltage depending upon the
temperature in the BGR circuit 30. Alternatively, the PTAT
voltage generation circuit 80 may receive a voltage from the
voltage generation point V,, shown in FIG. 7. The PTAT
voltage generation circuit 80 generates the reference voltage
Vizer as a DC voltage proportional to temperature. More
specifically, the PTAT voltage generation circuit 80 gener-
ates, as the reference voltage V-, a voltage of a positive
temperature coefficient. The reference voltage V.. gener-
ated from the PTAT voltage generation circuit 80 is input to
the switched capacitor amplifying circuit 70. The PTAT
voltage generation circuit 80 includes a transistor Tr9 and a
resistor R5.

The ADC circuit 20, the BGR circuit 30 and the regulator
circuit 40 are similar in basic structure to those of the first
embodiment.

The output voltage of the switched capacitor amplifying
circuit 70 is proportional to the reference voltage V., and
is also proportional to the capacitance of the variable capaci-
tor 73. The output voltage of the switched capacitor ampli-
fying circuit 70 is proportional to (Cs—Cy)/Ci, where Cg is
the capacitance of the variable capacitor, Cy is the capaci-
tance of the reference capacitor, and Ci is the capacitance of
each of the feedback capacitors 75 and 76. Namely, the gain
of the switched capacitor amplifying circuit 70 is (Cs~Cgr)/
Ci.

Accordingly, the output voltage V 5., of the ADC circuit
20 is given by

Vour={(Cs-Crl/Ci}Vagr+(1-Z )N )]
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6

where Z™! is a delay element (e.g., a delay element corre-
sponding to one clock), and N is a quantization error.

The capacitance C; of the variable capacitor 73 is sup-
posed to have the following characteristic:

Cs=mo+aAP-bAT (6)

where P is the pressure applied to the variable capacitor 73,
and T is the ambient temperature of the variable capacitor
73.

Further, the reference voltage V. is given by the fol-
lowing equation, based on the characteristics of the PTAT
voltage generation circuit 80:

Veer=Vo+V AT @)

From the equations (5), (6) and (7), V5. is given by

Vour=[(mo=Cr)VotaVoAP+{-bVo+(me-Cr)V  }AT)/

Ci+(1-ZHN (8)

where a and b are sufficiently lower than 1, and the terms
APAT can be ignored.

As is shown in the equation (8), the coeflicient of AT is
{-bVy+(my—C,)V, }. Namely, the coefficient of AT includes
a negative term (-bV,) and a positive term (my—-Cp)
V,. Thus, the negative and positive terms (-bV,) and
(m,—Cx)V, function to offset each other. Consequently, the
influence of the temperature variation AT upon the output
voltage can be suppressed. In the third embodiment, where
the capacitance C; of the variable capacitor 12 is expressed
by the equation (6), the influence of the temperature varia-
tion AT is suppressed by means of the PTAT voltage
generation circuit 80 expressed by the equation (7).

Also in the third embodiment, temperature compensation
is performed using the reference voltage V.. generated by
the voltage applying circuit (formed of the BGR circuit 30
and the PTAT voltage generation circuit 80). Accordingly,
the third embodiment can provide the same advantage as the
first embodiment.

Fourth Embodiment

A fourth embodiment will be described. The fourth
embodiment is similar to the first to third embodiments in
basic structure. In this section, the matters referred to in the
first to third embodiments will not be described.

FIG. 8 is a block diagram showing a capacitance detection
device according to the fourth embodiment. The capacitance
detection device of FIG. 8 is also used as a pressure
detection device (pressure sensor). FIG. 9 is a circuit dia-
gram showing a specific structure example of the capaci-
tance detection device of the fourth embodiment. In the
fourth embodiment, elements similar to those of the first to
third embodiments are denoted by corresponding reference
numbers, and no detailed description will be given thereof.

In the above-described third embodiment, the switched
capacitor amplifying circuit 70 and the ADC circuit 20 are
formed separate from each other. In contrast, in the fourth
embodiment, an ADC circuit 90 is formed by incorporating
a switched capacitor amplitying circuit in an ADC circuit.
The other basic structure of the fourth embodiment is similar
to that of the third embodiment.

The ADC circuit 90 includes an adder 91, an integrator 92,
a comparator 93, a delay element 94 and amplifiers 95 and
96. The gain of the amplifier 95 is (C,/Ci), and that of the
amplifier 96 is (Cs—C)/Ci. It is supposed here that (C,,/Ci)
is 1.

As shown in FIG. 9, the ADC circuit 90 includes an
operational amplifier 191, a comparator 192, feedback
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capacitors 193 and 194, capacitors 195 and 196, a variable
capacitor 197, a reference capacitor 198, and a plurality of
switches. The switches receive clock signals ¢1 and ¢2 of
opposite phases. The switches, to which Q1 is supplied, turn
on when Q1=1, while the switches, to which Q2 is supplied,
turn on when Q2=1.

The BGR circuit 30, the regulator circuit 40 and the PTAT
voltage generation circuit 80 are similar in basic structure to
those of the third embodiment.

Also in the fourth embodiment, the equations (5) to (8)
employed in the third embodiment are established. Accord-
ingly, the fourth embodiment can provide the same advan-
tage as that of the first and third embodiments.

Fifth Embodiment

A fifth embodiment will be described. The fourth embodi-
ment is similar to the first embodiment in basic structure. In
this section, the matters referred to in the first embodiment
will not be described.

FIG. 10 is a block diagram showing a capacitance detec-
tion device according to the fifth embodiment. The capaci-
tance detection device of FIG. 10 is also used as a pressure
detection device (pressure sensor). FIG. 11 is a circuit
diagram showing a specific structure example of the capaci-
tance detection device according to the fifth embodiment. In
the fifth embodiment, elements similar to those of the first
embodiment are denoted by corresponding reference num-
bers, and no detailed description will be given thereof.

In the first embodiment, the gain of the switched capacitor
amplifying circuit 10 is C,/Cg, while in the fifth embodi-
ment, that of a switched capacitor amplifying circuit 100 is
C/Cpg.

The switched capacitor amplifying circuit 100 includes an
operational amplifier 111, a variable capacitor 112, a refer-
ence capacitor 113, and a plurality of switches. The switches
receive clock signals ¢1 and ¢2 of opposite phases.

As mentioned above, since in the fifth embodiment, the
gain of the switched capacitor amplifying circuit 100 is
C4/Cy, the output voltage of the switched capacitor ampli-
fying circuit 100 is proportional to the capacitance of the
variable capacitor 112. Namely, the output voltage of the
switched capacitor amplifying circuit 100 is proportional to
CJ/Cy, where Cy is the capacitance of the variable capacitor,
and Cy is the capacitance of the reference capacitor.

The ADC circuit 20, the BGR circuit 30 and the regulator
circuit 40 of the fifth embodiment are similar in basic
structure to those of the first embodiment. Further, the PTAT
voltage generation circuit 80 of the fifth embodiment is
similar in basic structure to that of the third embodiment.

In the fifth embodiment, the output voltage V. of the
ADC circuit 20 is given by

Vour~(Cs/Cr)Vrer+(1-Z7 )N ©)]

where Z~! is a delay element (e.g., a delay element corre-
sponding to one clock), and N is a quantization error.

The capacitance C; of the variable capacitor 112 is sup-
posed to have the following characteristic:

Cg=ma+aAP-bAT 10)

where P is the pressure applied to the variable capacitor 112,
and T is the ambient temperature of the variable capacitor
112.

Further, the reference voltage V. is given by the fol-
lowing equation, based on the characteristics of the PTAT
voltage generation circuit 80:

Veer=Vo+ VAT (11)

10

15

20

25

30

35

40

45

50

55

65

8
From the equations (9), (10) and (11), V 5. is given by

Vour=(U Cp){moVotaVoAP+(-bVytmoV AT+

(1-ZHN (12)

where a and b are sufficiently lower than 1, and the terms
APAT can be ignored.

As is shown in the equation (12), the coefficient of AT is
(-bV,+m,V,). Namely, the coefficient of AT includes a
negative term (-bV,) and a positive term (m,V,). Thus, the
negative and positive terms (-bV,) and (m,V,) function to
offset each other. Consequently, the influence of the tem-
perature variation AT upon the output voltage can be sup-
pressed. In the fifth embodiment, where the capacitance Cg
of the variable capacitor 112 is expressed by the equation
(10), the influence of the temperature variation AT is sup-
pressed by means of the PTAT voltage generation circuit 80
expressed by the equation (11).

As is evident from the above, the fifth embodiment can
provide the same advantage as the first embodiment.

Also in the fifth embodiment, the switched capacitor
amplifying circuit may be incorporated in the ADC circuit,
as in the second embodiment.

Although in the above-described first to fifth embodi-
ments, a first-order AZ-ADC circuit is used, a two-order or
more AZ-ADC circuit may be used.

Further, although in the first to fifth embodiments, the
ADC circuit is formed of the AZ-ADC circuit, it may be
formed of an ADC circuit of another scheme.

In addition, in the above-described first to fifth embodi-
ments, the BGR circuit, the CTAT circuit, the PTAT circuit,
etc., may be formed in the same substrate on which the
MEMS element is formed. If these circuits are formed in the
same substrate, the resultant device will be almost free from
the influence of external noise.

While certain embodiments have been described, these
embodiments have been presented by way of example only,
and are not intended to limit the scope of the inventions.
Indeed, the novel embodiments described herein may be
embodied in a variety of other forms; furthermore, various
omissions, substitutions and changes in the form of the
embodiments described herein may be made without depart-
ing from the spirit of the inventions. The accompanying
claims and their equivalents are intended to cover such
forms or modifications as would fall within the scope and
spirit of the inventions.

What is claimed is:
1. A capacitance detection device comprising:
a switched capacitor amplifying circuit including a vari-
able capacitor and a reference capacitor; and
a voltage applying circuit configured to apply, to the
switched capacitor amplifying circuit, a reference volt-
age having a temperature characteristic for compensat-
ing fluctuation in an output voltage of the switched
capacitor amplifying circuit due to a temperature char-
acteristic of capacitance of the variable capacitor;
wherein the voltage applying circuit includes a first volt-
age generation circuit configured to generate a voltage
that does not depend on a temperature; and
wherein the voltage applying circuit includes a second
voltage generation circuit configured to receive a volt-
age from the first voltage generation circuit and to
generate a voltage proportional to a temperature.
2. The device of claim 1, wherein the reference voltage is
proportional to a temperature.
3. The device of claim 1, wherein the first voltage
generation circuit includes a Band Gap Reference (BGR)
circuit.
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4. The device of claim 1, wherein:

the first voltage generation circuit has a voltage genera-
tion point for generating a voltage depending on a
temperature; and

the second voltage generation circuit receives the voltage

from the voltage generation point of the first voltage
generation circuit.

5. The device of claim 1, wherein the second voltage
generation circuit includes a Complementary To Absolute
Temperature (CTAT) voltage generation circuit.

6. The device of claim 1, wherein the second voltage
generation circuit includes a Proportional To Absolute Tem-
perature (PTAT) voltage generation circuit.

7. The device of claim 1, wherein the output voltage of the
switched capacitor amplifying circuit is proportional to the
reference voltage.

8. The device of claim 1, wherein the output voltage of the
switched capacitor amplifying circuit is proportional or
inverse proportional to the capacitance of the variable
capacitor.
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9. The device of claim 1, wherein the output voltage of the
switched capacitor amplifying circuit is proportional to
Cr/Cs where Cg is a capacitance of the variable capacitor,
and Cy is a capacitance of the reference capacitor.

10. The device of claim 1, wherein the output voltage of
the switched capacitor amplifying circuit is proportional to
C4J/Cy where Cg is a capacitance of the variable capacitor,
and Cj is a capacitance of the reference capacitor.

11. The device of claim 1, wherein the output voltage of
the switched capacitor amplifying circuit is proportional to
(C4—Cg) where C is a capacitance of the variable capacitor,
and Cy is a capacitance of the reference capacitor.

12. The device of claim 1, wherein the capacitance of the
variable capacitor varies in accordance with a pressure.

13. The device of claim 1, wherein the switched capacitor
amplifying circuit is included in an A/D conversion circuit.

14. The device of claim 1, wherein the variable capacitor
is formed of an MEMS element.
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